HUS is characterized by nonimmune hemolytic anemia, thrombocytopenia, and acute renal failure (1) . D ϩ HUS may occur after a prodrome of enteritis due to Shiga toxinproducing Escherichia coli (2) .
Several observations indicate that leukocytes are involved in the pathogenesis of D ϩ HUS, although their exact role remains unclear (3) . Abnormally increased numbers of macrophages (4) and neutrophils (4, 5) have been found infiltrating the glomeruli of children with D ϩ HUS. Circulating leukocytosis is an independent risk marker for developing D ϩ HUS (6 -8) . Increased neutrophil (9, 10) and macrophage (10) counts are also associated with the severity of renal failure. HUS patients have activated circulating polymorphonuclear neutrophils (11) (12) (13) , with increased circulating levels of elastases (14, 15) and alpha-1-antitrypsin (15) . Enhanced leukocyte adhesion has also been demonstrated (16) . Shiga toxin binds specifically to a distinct glycosphingolipid receptor on polymorphonuclear leukocytes (17) . In the presence of human glomerular microvascular endothelial cells, Shiga toxin is transferred from neutrophils to renal endothelial cells, thereby suggesting that circulating neutrophils transport Shiga toxin from the gut to the kidney (17) .
Chemokines are small (8 -13 kD) cytokine-like molecules with proinflammatory activity, inducing unidirectional leukocyte migration toward a localized area of inflammation (18) . Chemokines have one or two cysteine residues in their amino terminal domain. They are classified according to the presence or the absence of an amino acid between the first two cysteines: C-X-C or C-C (18) . Specific neutrophil chemotactic activity is produced by C-X-C chemokines with ELR ϩ . These include IL-8, ENA-78, and GRO-␣. Chemokines from the C-C family, such as MCP-1 and MIP-1␤, exert their activity on macrophages/monocytes, basophils, eosinophils, T cells, and natural killer cells, but are not chemotactic for polymorphonuclear neutrophils. Increased circulating levels of IL-8 have been reported in children with D ϩ HUS (4, 14, 19 -21) . Elevated MCP-1 (4) and G-CSF have also been observed (21, 22) . Except for IL-8 and MCP-1, there is no other data on circulating chemokines in children with D ϩ HUS. We hypothesized that increased circulating levels of G-CSF, ENA-78, GRO-␣, MIP-1␤, and MCP-1 are related to the severity of illness in E. coli O157:H7 infections. First, we analyzed variations over time in chemokine concentration among children with uncomplicated O157:H7 HC by serial blood samples after admission. Secondly, we determined whether abnormal chemokine levels were also present in children with uncomplicated O157:H7 enteritis who did not have bloody stools. We therefore compared the circulating chemokine levels among the following independent groups: 1) normal controls, 2) disease controls with chronic renal failure, 3) children with uncomplicated HC due to E. coli O157:H7, and 4) children with O157:H7-associated HUS. Finally, we determined whether the circulating levels are associated with the severity of HUS, as measured by the need for peritoneal dialysis.
METHODS
Clinical data. Children aged less than 18 y old who presented with HUS at Sainte-Justine Hospital or at the Children's Hospital of Eastern Ontario, between April 1, 1996, and September 1, 2000, were eligible for the study. Enteritis was defined as the acute onset of diarrhea (Ͼ1 d) with or without abdominal pain. HC was defined as the acute onset of diarrhea with grossly bloody stools noted before medical consultation. HUS was defined (23) as a prodrome of enteritis or HC with the following ensuing criteria: a) thrombocytopenia (Ͻ150,000 U/L), b) microangiopathic hemolytic anemia (Hb below the third percentile for age and sex with schistocytes on blood smear) (24) , and c) acute renal failure (serum creatinine Ͼ62 M if aged Ͻ5 y old; Ͼ88 M if between 6 and 12 years old; Ͼ88 M and Ͼ102 M for females and males aged Ͼ12 y old, respectively). HUS was partial if only one or two of the above criteria were met and not attributable only to dehydration on serial laboratory analysis. The normal control group included 15 patients matched for age and sex who had blood sample collection before undergoing an elective surgery for inguinal hernia or strabismus. The disease control group was composed of nine children on chronic ambulatory peritoneal dialysis with chronic renal failure due to reflux nephropathy (n ϭ 4), renal dysplasia (n ϭ 2), glomerulonephritis (n ϭ 2), and nephrosis (n ϭ 1). The median serum creatinine was 390 mol/L (range 118 -1000 mol/L). They presented no signs of upper respiratory tract infections, and had normal temperature as well as negative urine and dialysate cultures before obtaining blood samples.
Age, sex, results of stool cultures, and the date of onset of enteritis and HUS were noted. In the latter group, the need for peritoneal dialysis was determined by the attending pediatric nephrologist, and all these children presented with oligoanuria (25) . Among patients presenting with HUS, blood samples were obtained on admission, before starting peritoneal dialysis if needed. Moreover, we aimed to collect a second blood sample 1 wk later. Among children presenting with uncomplicated O157:H7 HC, serial blood samples were collected on admission, and then on d 1, 2, and 8 after enrollment. Serial samples were obtained in 46% (27 of 59) of patients in the O157:H7 HC group.
Laboratory data. Sorbitol-negative colonies grown on MacConkey-sorbitol agar were subcultured onto blood agar and screened for serotype O157 by slide agglutination (Difco, Detroit, MI, U.S.A.). Colonies agglutinating with the antiserum were identified as E. coli by standard biochemical reactions. Identification of pathogen was available within 24 -48 h of sample collection.
Blood samples were collected in an EDTA-containing tube and then centrifuged for 10 min at 4°C and 3000 ϫ g. Specimens were stored at Ϫ80°C until assayed. Measurements of G-CSF, ENA-78, GRO-␣, MIP-1␤, and MCP-1 were performed in duplicate on plasma by sandwich ELISA (R & D Systems, Minneapolis, MN, U.S.A.). Samples were diluted 1:2; G-CSF, 50 L; ENA-78, 25 L; GRO-␣, 100 L; MIP-1␤, 75 L; and MCP-1, 100 L. Standard curves were established for each microtiter plate and measurements were then performed as previously described (19, 20, 26) . Plates were developed and the OD of the reaction mix was quantified with an automated ELISA reader. We calculated the relative concentration of G-CSF and chemokines by comparing the mean OD obtained from duplicate wells to a semilog standard curve. The sensitivities were as follows: G-CSF Ͼ20 pg/mL, ENA-78 Ͼ15 pg/mL, GRO-␣ Ͼ10 pg/mL, MIP-1␤ Ͼ11 pg/mL, and MCP-1 Ͼ5 pg/mL.
Ethics. Written informed consent was obtained from the parents of all children. The study was approved by the Ethics Committee of Sainte-Justine Hospital and of the Children's Hospital of Eastern Ontario.
Statistics. Descriptive statistics are presented as mean Ϯ SD for data with a normal distribution; median and range were used otherwise. The t test was used to compare continuous data with a normal distribution and the Mann-Whitney U test if the distribution was abnormal. An ANOVA for repeated measurements of mediator concentrations was performed in the sub-929 group of children with uncomplicated O157:H7 HC who had serial blood samples collected. The percentage of abnormal measurements were compared using a 2 ϫ 3 contingency table in the following independent groups: children with O157:H7 enteritis without bloody stools, patients with O157:H7 HC, and those with HUS. The Kruskal-Wallis test was used to compare age and mediator concentrations between the following independent groups: 1) normal controls, 2) disease controls with chronic renal failure, 3) children with uncomplicated HC due to E. coli O157:H7, and 4) children with O157:H7-associated HUS. Orthogonal comparisons were then performed using the Dunn test. All statistical tests were two-tailed and p Ͻ 0.05 was considered significant; statistical significance for orthogonal comparisons was established at p Ͻ 0.0083. To control for time, children in groups 3 and 4 were also compared using the Mann-Whitney U test after matching for the time interval between the onset of enteric symptoms and the day of blood sample collection. The Kruskal-Wallis test was finally used to compare normal and disease control groups, and HUS patients stratified according to requirement for peritoneal dialysis. Linear regression analysis between mediator concentrations and serum creatinine, Hb level, platelet counts, and white blood cell, neutrophil, and monocyte counts were also done.
RESULTS
We performed 805 measurements among 109 children. Uncomplicated enteritis caused by E. coli O157:H7 occurred in 59 children, with 52 (88%) having bloody stools, whereas 7 (12%) had no blood in their stools. There were 26 patients with either full-blown (n ϭ 23) or partial HUS (n ϭ 3). Stool cultures showed evidence of E. coli O157:H7 in 77% (n ϭ 20) of the patients with HUS. All patients who developed HUS had a diarrheal prodrome and 85% (22 of 26) had bloody stools.
Uncomplicated O157:H7 HC. Figure 1 shows measurements of G-CSF, ENA-78, GRO-␣, MIP-1␤, and MCP-1 among the subgroup of 27 children with uncomplicated O157:H7 HC who had serial measurements. Levels of G-CSF (40 Ϯ 31 pg/mL, p Ͻ 0.001) and MIP-1␤ (63 Ϯ 29 pg/mL, p Ͻ 0.0001) were increased 3-fold on admission. We did not find any significant variations over time in mediator levels, although a trend toward a decreasing G-CSF concentrations was observed during the first week after admission (p Ͻ 0.1).
Uncomplicated O157:H7 enteritis. The mean circulating mediator levels were comparable among patients with uncomplicated O157:H7 enteritis whether or not they developed HC (data not shown). These subgroups had comparable delays between the onset of enteritis and blood sample collection (2.3 Ϯ 2.0 versus 2.9 Ϯ 2.0 d, respectively; NS). However, a trend for a lower leukocyte count on admission was noted in children with O157:H7 enteritis compared with those with HC (8.7 Ϯ 2.7 versus 11.7 Ϯ 4.3 ϫ 10 9 /L; p Ͻ 0.054). Patients with O157:H7 enteritis without bloody stools presented higher rates of abnormal measurements (i.e. values higher than the upper limit in normal controls) of GRO-␣, MIP-1␤, and MCP-1 than patients with O157:H7 HC or HUS: GRO-␣ (42% enteritis, 36% HC, 17% HUS; p Ͻ 0.05); MIP-1␤ (40% enteritis, 22% HC, 11% HUS; p Ͻ 0.02); MCP-1 (77% enteritis, 20% HC, 18% HUS; p Ͻ 0.0001). The highest percentages of abnormal G-CSF and ENA-78 measurements were found in patients with HUS: G-CSF (20% enteritis, 50% HC, 63% HUS; p Ͻ 0.009); ENA-78 (20% enteritis, 15% HC, 74% HUS; p Ͻ 0.0001).
O157:H7 HC and HUS. The sex distribution was similar between: 1) normal controls, 2) disease controls, 3) children with O157:H7 HC, and 4) those with HUS. Disease controls with chronic renal failure (group 2) were older than those in any other groups (46 Ϯ 12 mo, 153 Ϯ 20 mo, 61 Ϯ 45 mo, and 53 Ϯ 8 mo, respectively; p Ͻ 0.0001). Age was comparable in patients with O157:H7 HC and those with HUS. The time intervals between the onset of enteritis and blood sample collection in children with O157:H7 HC and HUS were as follows: first sample 2.8 Ϯ 1.9 versus 5.5 Ϯ 3.1 d, p Ͻ 0.0001; second sample 10.9 Ϯ 2.1 versus 11.8 Ϯ 3.9 d, NS. The difference reflects the referral of HUS patients to a tertiary care center. The white blood cell counts on admission as well as on d 8 were lower in the HC than the HUS group: first sample 11.4 Ϯ 4.1 versus 17.7 Ϯ 7.2 ϫ 10 9 /L, p Ͻ 0.0001; and second sample 9.6 Ϯ 3.8 versus 15.2 Ϯ 7.1 ϫ 10 9 /L, p Ͻ 0.0002. Figure 2 shows the circulating levels of G-CSF, ENA-78, GRO-␣, MIP-1␤, and MCP-1 among 1) normal controls, 2) disease controls with chronic renal failure, 3) children with uncomplicated O157:H7 HC, and 4) patients with HUS. Circulating levels in normal controls were as it follows: G-CSF, 14 Ϯ 11 pg/mL; ENA-78, 1030 Ϯ 711 pg/mL; GRO-␣, 53 Ϯ 19 pg/mL; MIP-1␤ 23 Ϯ 25 pg/mL; MCP-1, 85 Ϯ 34 pg/mL. On admission, patients with HUS had a 10-fold increase in levels of G-CSF (141 Ϯ 201 pg/mL, p Ͻ 0.0003), a 3-fold increase of MIP-1␤ (60 Ϯ 31 pg/mL, p Ͻ 0.001), and 2-fold lower levels of ENA-78 than normal controls (468 Ϯ 662 pg/mL, p Ͻ 0.001). HUS patients had significantly higher concentrations of G-CSF (p Ͻ 0.007) and lower levels of ENA-78 (p Ͻ 0.0001) than any other group. MIP-1␤ levels were similarly increased 3-fold in O157:H7 HC (74 Ϯ 35 pg/mL, p Ͻ 0.0001) and HUS (60 Ϯ 31 pg/mL, p Ͻ 0.001), compared with normal controls. The mean concentrations of GRO-␣ were similar in all groups. MCP-1 levels were elevated (278 Ϯ 103 pg/mL, p Ͻ 0.0002) only in the diseased control group with chronic renal failure. One week after admission, G-CSF levels remained significantly increased in HUS compared with children with uncomplicated O157:H7 HC (p Ͻ 0.02). A further 4-fold decrease in ENA-78 concentrations was noted among HUS subjects (284 Ϯ 363 pg/mL, p Ͻ 0.0001). Moreover, higher G-CSF (52 Ϯ 37 versus 39 Ϯ 34 pg/mL; p Ͻ 0.02) and lower ENA-78 concentrations (658 Ϯ 768 versus 1198 Ϯ 699 pg/mL; p Ͻ 0.007) were also noted among 17 undialyzed patients with HUS than among 53 children with uncomplicated O157:H7 HC. Other mediator concentrations were comparable. Finally, to control for time, 20 patients with HUS and 20 children with uncomplicated O157:H7 were matched for the time interval between the onset of enteric symptoms and the day of blood sample collection (4.1 Ϯ 5.5 d). Patients with HUS presented higher G-CSF levels than those with uncomplicated O157:H7 HC (159 Ϯ 216 versus 35 Ϯ 23 pg/mL, respectively; p Ͻ 0.005), as well as lower ENA-78 concentrations (618 Ϯ 681 versus 1144 Ϯ 640 pg/mL, respectively; p Ͻ 0.008). Other mediator concentrations were comparable between these two groups.
Peritoneal dialysis in HUS. Thirty-five percent of children (9 of 26) with HUS required peritoneal dialysis for 20 Ϯ 14 d. They were comparable for age and for the timing of blood sample collection to the undialyzed HUS patients. However, they showed higher white blood cell (20.7 Ϯ 9.2 versus 14.9 Ϯ 3.6 ϫ 10 9 /L; p Ͻ 0.04) and neutrophil counts (14.3 Ϯ 10.4 versus 9.3 Ϯ 3.4 ϫ 10 9 /L; p Ͻ 0.1). As shown in Figure 3 , levels of G-CSF were increased 6-fold (220 Ϯ 219 versus 37 Ϯ 38 pg/mL; p Ͻ 0.001), whereas concentrations of ENA-78 (113 Ϯ 141 versus 507 Ϯ 638 pg/mL; p Ͻ 0.001) were decreased 5-fold in patients with HUS who required dialysis.
Figure 2. Circulating levels of G-CSF, ELR
ϩ C-X-C chemokines (ENA-78 and GRO-␣), and C-C chemokines (MIP-1␤ and MCP-1) in 15 normal controls (NC), 9 disease control patients on chronic ambulatory peritoneal dialysis with chronic renal failure (DC), 52 children with uncomplicated HC due to E. coli O157:H7 (HC), and 26 children with O157:H7 HUS. Mean values are presented as (-). The first samples obtained on admission are shown on the left and the last samples are presented on the right. Different concentrations were noted between groups on admission for each mediator, except for GRO-␣. MCP-1 levels were only increased in the disease control group with chronic renal failure (***p Ͻ 0.0002). The concentrations of G-CSF on admission were increased 10-fold in HUS patients (*p Ͻ 0.007, compared with any other group) and remained higher on the last blood sample compared with children with O157:H7 HC ( †p Ͻ 0.02). Two-fold decreased levels of ENA-78 were also noted among HUS patients (**p Ͻ 0.0001, compared with any other group), and a further 4-fold decrease was noted thereafter ( † †p Ͻ 0.0001). Three-fold increased levels of MIP-1␤ were found in children with O157:H7 HC and HUS compared with normal controls (***p Ͻ 0.0001 and p Ͻ 0.001, respectively), and these remained slightly increased in the last blood samples, whereas higher levels were observed in O157:H7 HC than in HUS ( † † †p Ͻ 0.004). The mean levels of GRO-␣ and MCP-1 in children with O157:H7 HC or HUS were comparable to those noted in normal controls (NS).
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HEMOLYTIC UREMIC SYNDROME Hb and platelet counts were unrelated to mediator levels. Serum creatinine was correlated with G-CSF (R 2 ϭ 0.2; p Ͻ 0.001) and ENA-78 (R 2 ϭ Ϫ0.15; p Ͻ 0.0001). G-CSF concentrations correlated with total white blood cell (R 2 ϭ 0.3; p Ͻ 0.0001), neutrophil (R 2 ϭ 0.35; p Ͻ 0.0001), and monocyte (R 2 ϭ 0.45; p Ͻ 0.0001) counts.
DISCUSSION
C-X-C and C-C chemokines. More than 40 chemokines have been identified in humans, and these may be produced by virtually all somatic cells (27) . In children with D ϩ HUS, Van Setten et al. (4) reported an increased urinary excretion of IL-8 and MCP-1. There was no relationship between urinary and circulating chemokine concentrations, suggesting independent, local production within the kidney (4). Similar observations have been made for IL-6 (28). Van Setten et al. (4) found slightly increased circulating levels of MCP-1 in children with D ϩ HUS. However, this was noted in only two patients (4). We found normal mean MCP-1 concentrations in HUS with only four abnormal measurements. A limitation of our study may be that diseased controls for renal failure were significantly older than other patients. Moreover, we cannot exclude that peritoneal dialysis may have also modified circulating mediator levels measured on samples obtained 1 wk after HUS diagnosis. Nevertheless, we observed that children with O157:H7 HC or HUS had abnormally increased levels of MIP-1␤ on admission. These values remained high 1 wk later in the HC group only. Although the reason for this observation is unclear, there was no evidence that the time elapsed after the onset of symptoms was a confounding factor on mediator levels, inasmuch as HC and HUS patients were sampled 11 d after the onset of enteric symptoms. It may signify an appropriate recruitment of macrophages to eradicate infection. Unexpectedly, we found that children with uncomplicated O157:H7 enteritis without bloody stools had significantly higher rates of abnormal GRO-␣, MIP-1␤, and MCP-1 measurements than those with O157:H7 HC or HUS. This was noted in patients with enteritis who showed lower leukocyte counts than those with HC or HUS. Our data thus indicate that excessive synthesis of chemokines occurs during E. coli O157:H7 enteritis. It is unclear whether the circulating GRO-␣, MIP-1␤, and MCP-1 levels may reflect mucosal production within the gastrointestinal tract. This view is supported by recent data demonstrating basolateral secretion of C-X-C and C-C chemokines by human intestinal epithelial cells (29 -31) . Human monocytes stimulated with Shiga toxin also secrete cytokines such as IL-8, via a lipopolysaccharide-independent pathway (32), but there is no data on other chemokines. In the baboon model of HUS, Taylor et al. (33) found that an i.v. injection of Shiga toxin increased the urinary levels of tumor necrosis factor (TNF)-␣ and IL-6, as in the human disease (28) . However, in contrast to children with D ϩ HUS (19 -21, 28) , circulating cytokines were undetectable (33) . Normal circulating levels of TNF-␣, IL-6, IL-8, IL-10, and G-CSF have been noted in asymptomatic carriers of E. coli O157:H7 (21) . Available data thus indicate that an active enteritis, but not necessarely an HC or HUS, is associated with detectable cytokines and chemotactic cytokines in the circulation.
In this study, we observed decreased circulating levels of ENA-78 in patients with HUS and that lower values were noted in children who required dialysis. Compared with other chemokines, the pattern of ENA-78 secretion appeared as differentially regulated. This finding was unexpected inasmuch as chemokines are secreted for leukocyte recruitment to eradicate pathogens (27) . ENA-78 was first isolated from type II pneumocyte-derived cells and was identified as an epithelial cellderived neutrophil chemoattractant (34) . The initial observation that alveolar type II epithelial cells (A549) constitutively release low amounts of ENA-78 has also been observed in human monocytes (35) . Schnyder-Candrian et al. (35) have shown that cycloheximide, a protein synthesis inhibitor, may superinduce IL-8 mRNA in human monocytes stimulated with either lipopolysaccharides, TNF-␣, or IL-1␤. In contrast, ENA-78 mRNA synthesis was completely abrogated, indicat- 932 ing that IL-8 and ENA-78 exhibit different patterns of expression at the mRNA level in human monocytes (35) . In human intestinal epithelial cells (HCT-8), Thorpe et al. (30) have shown that Shiga toxin 1 induces IL-8 and GRO-␣ protein synthesis. Moreover, they have shown that Shiga toxin 1 and TNF-␣ may superinduce GRO-␣ as well as ENA-78 mRNA synthesis (30) . ENA-78 protein synthesis was not evaluated (30) . Thus, decreased ENA-78 levels may arise either from differential transcription and/or translation.
An alternative explanation for decreased circulating ENA-78 may also be proposed. The Duffy antigen receptor for chemokines is a decoy receptor that is not coupled to trimeric G proteins, and ligand binding does not appear to evoke an intracellular signal. In humans, as in mice, it is mainly expressed on red blood cells, endothelial cells, and neurons (36) . Data in transgenic mice overexpressing the Duffy antigen suggest it may have a role in the maintenance of homeostasis, perhaps by sequestering chemokines from circulation (36). Liu et al. (37) reported an up-regulation of mRNA and protein expression of the Duffy antigen receptor for chemokines in children with HIV-associated HUS as well as D ϩ HUS. The predominant localization of mRNA and protein was found in endothelial cells, although up-regulation in collecting duct epithelial cells and interstitial inflammatory cells was also noted (36) . Whether this may account for lower circulating ENA-78 levels in HUS remains unclear, as it implies that the human Duffy antigen receptor may preferentially bind to ENA-78 compared other chemokines such as IL-8. Although IL-8 receptors A and B bind with different affinities to ENA-78, IL-8, GRO-␣, and neutrophil activating polypeptide-2 (38), there is no data supporting that this is true of the Duffy antigen receptor. In the study of Chaudhuri et al. (39) , GRO-␣, IL-8, and neutrophil-activating polypeptide-2 bound to the human Duffy antigen receptor expressed on an erythroleukemia cell line with the same high affinity, but there was no binding for MIP-1␣ and MIP-␤. Overall, the mechanisms responsible for decreased circulating ENA-78 levels in E. coli O157:H7-associated HUS are unclear and await further studies.
G-CSF. We found that circulating G-CSF concentrations are correlated with the severity of illness during E. coli O157:H7 infections, as evaluated by the development of HUS and the requirement for peritoneal dialysis. Although patients with uncomplicated O157:H7 HC initially showed a 3-fold increase in G-CSF values, there was a trend toward normalization over the next week. Conversely, G-CSF seemed to remain increased in HUS.
Fibroblasts, lymphocytes, endothelial cells, and neutrophils can release substantial amounts of G-CSF (40) . Monocytes and macrophages are nevertheless considered the main cellular sources upon activation with cytokines or lipopolysaccharide (40) . G-CSF is a hematopoietic growth factor for neutrophils and monocytes (40) . It is basically a proinflammatory mediator that primes neutrophils for chemotaxis and phagocytosis, thereby leading to the release of reactive oxygen species and lysosomal enzymes (40) . Increased circulating levels of elastase (12, 14, 15) and alpha-1-antitrypsin (15) have been found in D ϩ HUS, as well as in HC (41). Vierzig et al. (22) showed that G-CSF serum concentrations strongly paralleled the immature to total neutrophil count in one patient. These data are consistent with the finding that G-CSF induces the release of immature neutrophils from the bone marrow into the circulation (42) . This is also in agreement with previous data from our group showing that children with D ϩ HUS have abnormally decreased circulating levels of soluble L-selectin (19) . The latter is down-regulated by G-CSF on CD34-positive hematopoietic progenitors (43) .
In this study, we noted that G-CSF concentrations accounted for 45% of the variance in peripheral blood monocyte counts (R 2 ϭ 0.45), consistent with the finding that G-CSF indirectly stimulates the production of monocytes (44) . Moreover, we observed that 35% of the variance in neutrophil counts was explained by differences in G-CSF levels. Vierzig et al. (22) reported that the peak in leukemoid reaction (50,000 cells/ mm 3 ) occurred while G-CSF concentrations had decreased below 50 pg/mL. Several mechanisms may account for these findings. In vitro, both immature and mature neutrophils may modulate exogenous G-CSF concentrations, through continuous receptor-mediated absorption and metabolism (45) . Secondly, Liu et al. (46) also demonstrated that Shiga toxin delays neutrophil apoptosis. Moreover, children with D ϩ HUS have abnormally increased circulating levels of soluble Fas, an inhibitor of apoptosis, which may contribute to circulating leukocytosis (47) . IL-8, GRO-␣ (48), and G-CSF (49) also inhibit neutrophil apoptosis. Leukocytosis is a key feature of D ϩ HUS and does not occur in atypical HUS, without a diarrheal prodrome. Walters et al. (9) previously suggested that leukocytosis reflects the severity of the precipitating enteric infection and the extent of tissue necrosis. Our data on circulating G-CSF levels are thus in agreement with this statement. Furthermore, it has been recently shown that G-CSF receptor is present on fetal enterocytes, indicating that it may also be important for intestinal growth and repair (50) . In this regard, Hommes et al. (51) also showed that human recombinant G-CSF had a protective effect during experimental colitis in rabbits, with decreased production of proinflammatory eicosanoids and preserved synthesis of anti-inflammatory prostaglandin E 2 . The effect of recombinant G-CSF in models of O157:H7 infections remains to be evaluated.
In this study, we have shown that GRO-␣, MIP-1␤, and MCP-1 are produced at the early stage of E. coli O157:H7 enteritis, whether or not HC or HUS develop. Our data suggest that children with O157:H7-associated HUS may present abnormally increased circulating levels of G-CSF and decreased ENA-78 concentrations. The mechanisms responsible for leukocyte recruitment in O157:H7 infections are unclear and await further studies.
